Objective: To assess whether the risk of incidence of Alzheimer disease (AD) varies over time. The increase in numbers of people at the oldest ages in the population will bring an increase in the number of people with AD. Projections of the size of the increase assume the risk of AD is constant.
6,158 (78.7%) participated in cycle 1. Surviving participants were interviewed again after 3, 6, 9, and 12 years (cycles 2, 3, 4, and 5). In addition, individuals who turned 65 after the initial enrollment were invited to participate in a rolling enrollment (successive age cohorts). These individuals also received follow-up interviews every 3 years in a pattern identical to that for the original enrollees.
Over 10,000 people have participated when including the successive age cohorts. The cycle 1 interview obtained information about age, gender, race, and years of education. Each interview contained brief tests of cognitive function. Observation continued even if participants entered nursing homes. Cognitive function tests were obtained from the participant even when a proxy was required for other parts of the interview.
Sampling for detailed clinical evaluation. Random samples for detailed evaluation for AD were drawn from participants in each interview cycle. The samples were stratified to enrich the samples with people most likely to have AD, while maintaining the ability to weight the sample to represent the full population. Specifically, at each cycle, a cohort of persons free of AD was identified, using the following 2 methods: 1) all persons scoring high on the 4 brief tests of cognitive function were considered to be disease-free; 2) of those persons who did not score high on the 4 tests, only those people on whom we had a detailed clinical evaluation (see below) and who were determined to be free of AD at the evaluation were included in the cohort of disease-free persons. To obtain a sample of persons to evaluate for incident disease, we drew a stratified random sample of the persons in the disease-free cohort at the next cycle. For example, the first incidence sample was drawn at cycle 2. From among those persons who participated in the cycle 2 full-population interview, we identified 2,948 persons who met either criterion 1 or criterion 2, above, for being disease-free at cycle 1.
We then stratified this sampling frame by age group, race (black/nonblack), gender, and change in performance on the brief tests of cognitive function between cycle 1 and cycle 2. We used Poisson sampling (independent Bernoulli sampling) to keep the selection of each person independent from every other person. [16] [17] [18] At the later cycles, sampling proceeded along identical lines. Persons could be included more than once (i.e., in the first incidence sample and again in the second incidence sample) if they met the criteria both times. This feature maintained the integrity and representativeness of the sampling procedure, by giving everyone who was disease-free at any given cycle a chance to be selected into the incidence sample at the next cycle. We kept track of all of the probabilities of selection and incorporated them in our estimation procedure. 18, 19 AD incidence has been evaluated in disease-free cohorts beginning in 1997 and continuing to the present time. For these analyses, we used data accrued between 1997 and 2008.
Clinical evaluation for AD. Sampled individuals received uniform, structured clinical evaluation for AD and other dementing illnesses. Examiners were blinded to population interview cognitive testing results and sampling stratum. Specially trained nurse-clinicians performed structured neurologic examinations and obtained a medical history. A neuropsychologist, blinded to age, gender, race, and clinical data other than years of education, occupation, and information about sensory or motor deficits, summarized impairment in each of 5 domains (orientation, attention, memory, language, and perception) based on a battery of 17 cognitive tests. A board-certified neurologist or geriatrician reviewed all data and examined each participant. Brain MRI was offered to all participants and was obtained for approximately 55%. Diagnosis of dementia required loss of cognitive function by the neurologist's assessment and impairment in 2 or more functions on the cognitive tests. Criteria for diagnosis of AD were those of the working group of the National Institute of Neurological and Communicative Disorders and Stroke-Alzheimer's Disease and Related Disorders Association for probable AD, 20 except that persons who met these criteria and also had another condition impairing cognition were retained. Diagnostic uniformity is encouraged through the highly structured evaluation process.
Potentially confounding factors. Age was calculated from date of birth to date of clinical evaluation. We considered both age and years of education as continuous variables in analyses. We identified race by asking participants the question used in the 1990 US Census then summarized the 6 categories to black or white, including the few of other races in the white category. We included race because previous work has found racial differences in risk of AD. 15, 21 We coded usual lifetime occupation using the Featherman occupational prestige index. 22 At each interview, we asked about history of stroke and diabetes, use of prescription and nonprescription medications, smoking, and cognitive, physical, and social activities. We separately tested for current use or prior use of the drugs and vitamins listed in table 1. We tested for effect of physical and social activities determined at the interview which began the disease-free interval. We characterized participation in 7 cognitively stimulating activities as the average of a 5-point scale of frequency for each activity. 23 We asked about frequency of participation in 6 physical activities and summed the number of hours per week. 24 Frequency of participation in 4 social activities was summed in a 0 -8 scale. 25 Social networks were characterized as the number of people contacted monthly. 25 Statistical analysis. All analyses were weighted to reflect the sample design, which in turn allowed us to make inferences about the full Chicago Health and Aging Project community population. To adjust for nonparticipation in the clinical evaluation for AD, we used iterative proportional fitting 26 to produce smoothed cell-based adjustment factors. To test for the influence of calendar time, we used logistic regression and controlled for length of observation interval (time from previous cycle diseasefree designation). Because our observation intervals were approximately the same length (3 years) for everyone, we were able to use logistic regression and could thus avoid problems with interval censoring in survival models. We controlled for age at disease evaluation, gender, race, years of education, and the interval between assessment of disease-free status and disease evaluation in all analyses. We computed point estimates using the sampling weight and used jackknife-based procedures for variance estimation. 18, 19, 27 This approach accounts for the complexity of the sampling design, including the fact that people can be sampled more than once. It allows us to draw valid inferences for the population represented by the sample. Models included age, gender, race, and observation interval in addition to the factor of interest: evaluation date. We then added an indicator for the presence of any apolipoprotein ⑀4 (apoE4) allele to the model, followed by other potential risk factors. In 31 additional models, we tested for potential confounding effects of factors listed in table 1 by adding each separately to the model including the apoE4 indicator. We also tested for interaction of calendar time with age, gender, race, and education in separate models.
RESULTS
These analyses included 1,695 individuals and 2,254 evaluations for incident disease over 11.04 calendar years. At the time of these analyses, 33.7% of those sampled had not participated in the clinical evaluation, including both those who died before participation was obtained and those who declined to participate. There were 360 cases of incident AD. For insights about biologic processes producing AD, it is desirable to control for invariant biologic risk factors such as apoE4. With an indicator for presence of at least 1 ⑀4 allele in the model, date of examination was still not significant (OR ϭ 0.95, 95% CI ϭ 0.89 -1.02). Interactions of age, gender, race, education, or apoE4 with evaluation date were not significant. Other factors added to the model containing apoE4 did not explain the nonsignificant decrease in risk of AD over time. About half the factors listed in table 1 significantly predicted AD risk, but including them in the model had little effect on the predicted impact of evaluation date. With another factor in the model, the OR for evaluation date ranged only between 0.94 and 0.97 and was never significant. Interactions of these factors with time were never significant. In tests of model fit, there were 5 outliers (df ␤ Ͼ2) and eliminating them did not change any effect estimates more than 2 standard deviations; however, it did make several variables significant, including examination date. The 5 outlier participants varied in age, race, gender, apoE4 status, and time of diagnosis. They had substantial, but not the highest weights. They all had low education (4 had 0 years and 1 had 6 years). There was no indication that their data were invalid, so they were retained. Adding variables to characterize education in more detail did not change their outlier status. DISCUSSION We did not find a significant change in risk of AD over time. The point estimate was in the direction of decline in risk but very small. A number of factors proposed to influence changes in AD risk had little effect on the estimate. Previous reports of changes in risk of AD over time have had inconsistent findings. Even different analyses of the same studies have found different results. The earliest study was in Sweden and began in 1947 and ended in 1972. A first article reported a decrease in incidence of AD from the first 10-year period to the second 15-year period. 8 A second article, however, found no significant change in either incidence or prevalence between the 2 periods. 6 Informants were used to identify disease and to estimate the time of onset of symptoms. Adjustment for age was by broad 10-year age, the sample size was small, and while the long follow-up period of 25 years is a substantial strength, it was diminished by combining the 25 years into only 2 intervals. The second set of related articles used data from Rochester, MN, from 1960 through 1984. The first analysis of prevalence found no change over time, 3 the second found decreasing incidence, 9 and the third, which used finer age groupings, found no change in either incidence or prevalence. 4 Diagnosis and date of onset were obtained from medical records, but AD does not always come to medical attention, and changes in common knowledge of, and interest in, AD can result in changing patterns of diagnosis over time.
A recent set of articles was related to the National Long Term Care Study (NLTCS) and used Medicare data from 1984 through 2000 for identification of AD. The NLTCS drew representative samples from Medicare enrollment lists, collected data in 5 waves, and added participants at each wave. Of 2 studies of the NLTCS participants, one found no significant change in prevalence of AD 7 and the other found significant increase in both incidence and prevalence of AD. 11 A third analysis used the entire pool of Medicare data that was used to select samples for the NLTCS and found significant increase in Medicare prevalence of AD over time. 10 Use of Medicare claims data has the strong advantage of near-uniform availability for people over the age of 65 but the disadvantages inherent in ascertaining AD diagnosis over time from medical records and potential difficulty in distinguishing between testing for AD and diagnosis of the disease from billing records.
A study in Japan screened and then evaluated people in a defined geographic area for prevalence of AD in 1985 and again in 1992. 5 There was no significant difference in age-specific AD prevalence between the 2 periods, but there were few cases of AD (12 in 1985 and 21 in 1992) and comparisons were of 5-year age groups. In a study 12 in China, from 1986 to 1989 and again from 1997 to 1999, samples of people in a defined geographic area were screened then evaluated for 2-year incidence of AD. There was no significant difference in age-standardized inci-dence between the 2 periods, but the population was relatively young with few incident cases of AD (13 in the first period and 25 in the second) and age standardization was in 10-year groups.
Our analyses have both advantages and limitations. Among the advantages, we used data from a rigorously conducted population-based study having representation of both African American and white subjects. Age is an extremely important predictor of AD risk, and we had a sufficient sample size to adequately consider age in our analyses. AD was assessed with uniform, structured methods that were identical at all times. Onset interval was directly observed, because disease-free status was determined before each interval for development of disease. We directly examined changes in risk of AD over time, rather than attempting to infer changes in risk either from incidence rates or indirectly from prevalence estimates. Rather than computing rates, we modeled risk of incident AD predicted by specific time of incident diagnosis, permitting more sensitive evaluation of time differences and close control for age.
Among the limitations of our study, AD incidence was observed in only 1 community, not a nationally representative sample, although this approach provided advantages in better assuring uniformity of procedures. Few other studies have been sufficiently extensive: for example, the East Boston study 28 included detailed information, but it did not continue for enough years to provide evidence of change in AD incidence over calendar time. The ADAMS study 29 included a nationally representative sample, but has not continued long enough to measure incidence. Perhaps the strongest limitation is that even very small changes in risk of AD over time can have a substantial impact if they continue over a long period, and even a large study over more than a decade such as ours cannot convincingly exclude the possibility of such small changes. Our point estimate of the change in risk per year (0.97; CI 0.90 -1.04) was small and nonsignificant but slightly in the direction of decline in risk. Longer observation or a larger study would be needed to convincingly exclude smaller changes in risk over time. Even the small annual change could have substantial effect on estimates of future numbers of people affected by AD, depending on the length of time the change continued. It is uncertain if the necessary commitment exists to provide resources for a longer study necessary to detect even smaller changes in risk over time.
Although there is no clear evidence of recent change in AD incidence over time, even a small change in risk could result in substantial changes in projected number of people with AD, and this would change the public health impact of this disease with the aging of the populations of all developed countries, so continued observations for even more extended periods from large-scale population studies are advisable.
